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APPARATUS, METHOD AND COMPUTER
PROGRAM PRODUCT PROVIDING
SIMULTANEOUS RADIO RESOURCE AND
SERVICE REQUESTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application No. 60/709,
509, filed on Aug. 19, 2005.

TECHNICAL FIELD

The exemplary and non-limiting embodiments of this
invention relate generally to wireless communications sys-
tems and, more specifically, relate to connection setup meth-
ods, apparatus and computer program products for use in a
digital wireless communications network.

BACKGROUND

The architecture of the Circuit Switched (CS) and Packet
Switched (PS) call establishment in Wideband Code Division
Multiple Access (WCDMA) networks requires first that a
Radio Resource Control (RRC) connection establishment
between the User Equipment (UE) and the Radio Network
Controller (RNC) as shown in FIG. 1. Typically this is done so
that the UE is moved from an idle mode to a CELL._DCH state
(Dedicated Channel, DCH). After this signaling exchange,
the signaling between the UE and the CN (core network, PS
or CS) can begin. This signaling is initiated by a service
request message sent towards the PS CN (e.g., or a CM
(Connection Management) service request message to the CS
CN). The purpose of the Service Request procedure is to
transfer the PMM (Packet Mobility Management) mode from
a PMM-IDLE to a PMM-CONNECTED mode, and/or to
assign a radio access bearer in the case that a Packet Data
Protocol (PDP) context is activated without a radio access
bearer being assigned. Reference in this regard can be had to
3GPP TS 24.008, 3™ Generation Partnership Project; Tech-
nical Specification Group Core Network; Mobile radio inter-
face Layer 3 specification; Core network protocols; Stage 3
(Release 5).

If no PDP context is active, the UE continues with the PDP
(Packet Data Protocol) context activation procedure to acti-
vate the PDP context (or setup for CS voice) as shown in FI1G.
2.

It should be noted that as currently specified the service
request is carried within the RRC: Initial Direct transfer and
RANAP: Initial UE Message over Uu and Iu interfaces as
transparent NAS-PDU (Non-Access Stratum-Packet Data
Unit). The Uu interface is the interface between the UTRAN
and the UE, while the Iu is the interconnection point between
the RNC or a BSC (Base Station Controller) and 3G (Third
Generation) core network (CN). RANAP (Radio Access Net-
work Application Part) is the Radio Network Layer signaling
protocol for the Tu interface (e.g., between the UTRAN and
Core Network). The RANAP resides in the UTRAN and the
Core Network (CN). FIG. 2 presents the logical signaling
transfer.

As can be seen, since the RRC connection setup and ser-
vice request are performed sequentially, the current specifi-
cations inherently containing the setup delay of each of these
sequential procedures. It can be shown that the RRC connec-
tion setup delay can be approximately 500 milliseconds (ms)
and the Service Request setup delay can be approximately 70
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2

ms. If one includes PDP context activation of about 1200 ms,
it can be appreciated that even if using more optimized sig-
naling transfer, such as by utilizing High Speed Uplink Packet
Access (HSUPA) and High Speed Downlink Packet Access
(HSDPA) for the Signaling Radio Bearers (SRBs), since
these procedures are performed in sequence, achieving fur-
ther delay reductions are extremely difficult.

Recent observations from commercial WCDMA networks
have shown that this sequence of different procedures can
introduce an unacceptable amount of delay during CS and PS
call establishment.

It is known that in the GSM (Global System for Mobile
communication) CS, mobile-originated call establishment
case, the service request message (CM SERVICE
REQUEST) is sent piggy-backed, i.e., contained in the GSM
Level 2 (L2) (LAPDm; Link Access Protocol on the D-Chan-
nel, modified) messages requesting the establishment of the
L2 link (which in turn, after successfully established, creates
a successful Radio Resource connection). For PS services,
however, the situation is different, as for any signaling or link
establishment between the MS and the network a TBF (tem-
porary block flow) establishment procedure takes place. This
establishment procedure itself does not carry any Layer 3
(L3) signaling or service request. The inventors have realized
that the call establishment process for PS (and CS) services is
not as efficient as the process could be.

BRIEF SUMMARY

In an exemplary embodiment, a method is disclosed that
includes, at a user equipment, combining a message request-
ing the radio resource connection and a message requesting at
least one service into a single message. The method also
includes transmitting the single message from the user equip-
ment to a network element in a wireless network.

In another exemplary embodiment, a user equipment is
disclosed that includes a transceiver and processing logic
coupled to the transceiver. The processing logic is configured
to combine a message requesting a radio resource connection
and a message requesting at least one service into a single
message. The processing logic is further configured to cause
the transceiver to transmit, using the transceiver, the single
message from the user equipment to a network element in a
wireless network.

In yet another exemplary embodiment, a computer pro-
gram product is disclosed that tangibly embodies a program
of machine-readable instructions executable by one or more
data processors to perform operations. The operations
include, at a user equipment, combining a message requesting
the radio resource connection and a message requesting at
least one service into a single message. The operations also
include causing the single message to be transmitted from the
user equipment to a network element in a wireless network.

In a further exemplary embodiment, a method is disclosed
that includes receiving, from a user equipment, a single mes-
sage including both a message requesting the radio resource
connection and a message requesting at least one service. The
method includes, in response to the message requesting the
radio resource connection, performing radio resource control
connection establishment for the user equipment in order to
establish the radio resource control connection between the
user equipment and at least one of a plurality of network
elements of a wireless network. The method also includes, in
response to the message requesting the at least one service,
performing service request procedures for the user equip-
ment, wherein at least part of the radio resource control con-
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nection establishment and at least part of the service request
procedures are performed in parallel.

In an additional exemplary embodiment, a wireless net-
work is disclosed that includes a transceiver and processing
logic coupled to the transceiver. The processing logic is con-
figured to receive, from the transceiver and from a user equip-
ment, a single message including both a message requesting
aradio resource connection and a message requesting at least
one service. The processing logic is further configured, in
response to the message requesting the radio resource con-
nection, to perform radio resource control connection estab-
lishment for the user equipment in order to establish the radio
resource control connection between the user equipment and
at least one network element of a wireless network. The
processing logic is additionally configured, in response to the
message requesting the at least one service, to perform ser-
vice request procedures for the user equipment, wherein at
least part of the radio resource control connection establish-
ment and at least part of the service request procedures are
performed by the processing logic in parallel.

In yet another exemplary embodiment, a computer pro-
gram product is disclosed that tangibly embodies a program
of machine-readable instructions executable by one or more
data processors to perform operations. The operations include
receiving from a user equipment a single message including
both a message requesting the radio resource connection and
amessage requesting at least one service. The operations also
include, in response to the message requesting the radio
resource connection, causing radio resource control connec-
tion establishment to be performed for the user equipment in
order to establish a radio resource control connection
between the user equipment and at least one network element
of a wireless network. The operations further include, in
response to the message requesting the at least one service,
causing service request procedures for the user equipment to
be performed, wherein at least part of the radio resource
control connection establishment and at least part of the ser-
vice request procedures are performed in parallel.

In another exemplary embodiment, a method is disclosed
that includes, at a user equipment, combining a message
requesting a radio resource connection and a message
requesting at least one service into a single message, and
transmitting the single message from the user equipment to a
first network element in a wireless network. The method also
includes, at the first network element, receiving the single
message and, in response to the message requesting the radio
resource connection, and performing radio resource control
connection establishment for the user equipment in order to
establish a radio resource control connection between the
user equipment and at least one of a plurality of network
elements of a wireless network. The method further includes,
at a second network element in the wireless network, in
response to the message requesting the at least one service,
performing service request procedures for the user equip-
ment, wherein at least part of the radio resource control con-
nection establishment and at least part of the service request
procedures are performed in parallel.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects of embodiments of this
invention are made more evident in the following Detailed
Description of Exemplary Embodiments, when read in con-
junction with the attached Drawing Figures, wherein:

FIG. 1 shows a signaling diagram of a conventional RRC
connection establishment (idle to CELL_DCH state);
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FIGS. 2A, 2B and 2C, collectively referred to as FIG. 2,
show a signaling diagram of a conventional Mobile Origi-
nated Packet Connection Setup;

FIGS. 3A and 3B, collectively referred to as FIG. 3, show
a signaling diagram of a combined RRC connection request
and service request in accordance with exemplary embodi-
ments of this invention;

FIG. 4 is a simplified block diagram of various electronic
devices that are suitable for use in practicing the exemplary
embodiments of this invention;

FIGS. 5A and 5B illustrate exemplary embodiments of a
RRC Connection Request message;

FIG. 6 is a block diagram of an apparatus suitable for use in
performing embodiments of the disclosed invention; and

FIGS. 7A and 7B, collectively referred to as FIG. 7, show
another signaling diagram of a combined RRC connection
request and service request in accordance with exemplary
embodiments of this invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

As described above, in the GSM CS, mobile-originated call
establishment case, the service request message (CM SER-
VICE REQUEST) is sent piggy-backed, i.e., contained in the
GSM Level 2 (L2) (LAPDm) messages requesting the estab-
lishment of the .2 link (which in turn, after successfully
established, creates a successtul Radio Resource connection).
The request for establishment of the [.2 link is a request to
establish one or more logical channels and the request is
communicated using [.2 messaging. In GSM CS, mobile-
originated call establishment case, the UE already has aradio
channel (e.g., frequency and timeslot) and therefore the UE
already has a “radio link” prior to when the CM SERVICE
REQUEST message is communicated to set up a logical
channel. After anumber of different steps, a completion of an
RR connection occurs. Although GSM and WCDMA are
different systems, in WCDMA, the 1.2 layer includes Radio
Link Control (RLC).

By contrast, in exemplary embodiments of the disclosed
invention, Layer 3 (L.3) signalling, Radio Resource Control
(RRC) signalling, is used. Thus, a radio resource connection
is created in response to an RRC: Connection Request mes-
sage. No such radio resource connection is created in the
GSM CS, mobile-originated call establishment case, as an
LAPDm connection creates a logical channel and not a radio
resource connection.

Reference is made first to FIG. 4 for illustrating a simpli-
fied block diagram of various electronic devices that are suit-
able for use in practicing the exemplary embodiments of this
invention. In FIG. 4, a wireless network 1 includes a UE 10,
aNode B (base station) 12, aRNC 14 and a PS/CS CN 16. The
Node B 12, RNC 14 and PS/CS CN 16 are examples of
network nodes, as are the SGSN and GGSN shown in FIG. 2.
Aspects of the disclosed invention are suitable for both packet
switched (PS) and circuit switched (CS) core networks
(CNs). For simplicity, the disclosure below concentrates on
PS CNs, and the “PS/CS CN 16” will typically be referred to
asthe “PS CN 16”. The UE 10 includes a data processor (DP)
10A, a memory (MEM) 10B that stores a program (PROG)
10C, and a suitable radio frequency (RF) transceiver 10D for
bidirectional wireless communications with the Node B 12,
which also includes a DP 12A, a MEM 12B that stores a
PROG 12C, and a suitable RF transceiver 12D. The Node B
12 is coupled via a data path 13 to the RNC 14 and the PS CN
16, each of which include a DP 14A,16A, a MEM 14B, 16B,
each storing an associated PROG 14C, 16C. At least the
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PROGs 10C, 14C and 16C are assumed to include program
instructions that, when executed by the associated DP, enable
the electronic device to operate in accordance with the exem-
plary embodiments of this invention, as will be discussed
below in greater detail with regard to FIG. 3. The MEMs 10B,
12B, 14B, and/or 16B may contain computer program prod-
ucts tangibly embodying programs of machine-readable
instructions executable by one or more data processors to
perform operations disclosed herein.

Note thatthe PS CN 16 may comprise the Serving Gateway
Support Node (SGSN) and the Gateway GPRS (General
Packet Radio Service) Support Node (GGSN) shown in FIG.
2. Note further that the Node B 12 and the RNC 14 may be
referred to below collectively as the UTRAN (UMTS (Uni-
versal Mobile Telecommunications Service) Terrestrial
Radio Access Network).

In general, the various embodiments of the UE 10 can
include, but are not limited to, cellular telephones, personal
digital assistants (PDAs) having wireless communication
capabilities, portable computers having wireless communi-
cation capabilities, image capture devices such as digital
cameras having wireless communication capabilities, gam-
ing devices having wireless communication capabilities,
music storage and playback appliances having wireless com-
munication capabilities, Internet appliances permitting wire-
less Internet access and browsing, as well as portable units or
terminals that incorporate combinations of such functions.

The embodiments of this invention may be implemented
by computer software executable by the DP 10A ofthe UE 10
and the other DPs, or by hardware, or by a combination of
software and hardware.

The MEMs 10B, 12B, 14B and 16B may be of any type
suitable to the local technical environment and may be imple-
mented using any suitable data storage technology, such as
semiconductor-based memory devices, magnetic memory
devices and systems, optical memory devices and systems,
fixed memory and removable memory. The DPs 10A, 12A,
14A, and 16 A may be of any type suitable to the local tech-
nical environment, and may include one or more of general
purpose computers, special purpose computers, microproces-
sors, digital signal processors (DSPs) and processors based
on a multi-core processor architecture, as non-limiting
examples.

It should be noted that while the Node B 12 is shown
containing the PROG 12C, in order to practice this invention
the PROG 12C may not need to be modified from a conven-
tional Node B program. Further, it will be shown below that in
atleast some embodiments of this invention the PROG 16C of
the CN 16 may not need modification so as to operate with the
enhanced UE/UTRAN signaling in accordance with the
invention.

As can be seen in FIG. 3, an aspect of this invention com-
bines the RRC: RRC Connection Request message and the
RRC: Initial Direct Transfer message (Step A), which con-
tains the service request message sent by the UE 10 to the PS
CN 16 (e.g., a CM service request to be sent to CS CN 16). In
an exemplary embodiment, the CM service request message
contains, e.g., a mobile identity, a mobile station classmark 2,
a ciphering key sequence number, and a CM service type
identifying the requested type of transaction (e.g., mobile
originating call establishment, emergency call establishment,
short message service, supplementary service activation,
location services). See, e.g., 3GPP TS 24.008 V6.9.0 (2005-
06), sections 4.5.1.1, 9.2.9, and 10.5.3.3. In particular, in
section 10.5.3.3, four bits (one octet) are used to determine
which service is requested in the CM service request message
according to the following table:
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6
Bits Service
0001 Mobile originating call establishment
or packet mode connection
establishment
0010 Emergency call establishment
0100 Short message service
1000 Supplementary service activation
1001 Voice group call establishment
1010 Voice broadcast call establishment

1011 Location Services

It should be noted that, depending on implementation, one
or more services could be requested using a service request
message. As both messages are sent using a single message
from the UE 10 to the wireless network, the RRC connection
establishment and the service request procedures are enabled
to be performed in a parallel manner in the UTRAN 20 and PS
CN 16, respectively. This parallel execution of these proce-
dures beneficially removes the RRC connection establish-
ment delay, which is currently inherent in the specifications,
from the total connection setup delay. Thus, in an exemplary
embodiment, CN procedures to activate PDP context are per-
formed simultaneously with UTRAN 20 procedures to estab-
lish the RRC connection. It is noted that an Initial Direct
Transfer message is used to initiate a signalling connection
based on indication from upper layers and to transfer a NAS
message. The RRC Connection Request message is the first
message transmitted by the UE 10 when setting up an RRC
connection to the network.

In a case where the network (e.g., UTRAN 20) supports
this feature of parallel execution of the RRC connection
establishment request and service request procedures, the
UTRAN 20 indicates this capability in, for example, System
Information Broadcast (SIB) messages to the UE 10. In this
case the UE 10 establishes a PS or CS connection to the
network by sending the RRC Connection Request message to
the UTRAN 20. This message contains also the NAS: Service
Request message, which is considered as a transparent bit
string for radio protocols in similar manner as is done for a
RRC: Initial Direct Transfer message (that currently contains
the NAS service request message as a transparent container).

The conventional RRC Connection Request message can
be found in tabular format in subclause 10.2.39 of 3GPP TS
25.331 (e.g., 3GPP TS 25.331, version 6.6.0, Release 6,
6-2005). This section states that the RRC Connection Request
is the first message transmitted by the UE when setting up an
RRC Connection to the network. The conventional Initial
Direct Transfer can be found in sub-clause 10.2.16c of 3GPP
TS 25.331, where it can be seen that the Initial Direct Transfer
contains a NAS message, described in section 10.3.1.8. The
NAS message contains the service request message. Section
10.2.16¢ states that the Initial Direct Transfer message is used
to initiate a signalling connection based on indication from
the upper layers and to transfer a NAS message. The Abstract
Syntax Notation One (ASN.1) coding, used for RRC mes-
sages, is provided in section 11 of 3GPP TS 25.331.

A first exemplary embodiment of a new message format for
the RRC Connection Request (e.g., inclusion of an Initial
Direct Transfer message) is shown in FIG. 5A as message 50.
Portion 50A represents the current RRC Connection Request,
while portion 50B represents a space for a BIT STRING that
the RNC 14 may be assumed does not know how to decode.
Within this bit string the Initial Direct Transfer message (IDT
51) is encoded (as received from NAS) and the RNC 14
passes the encoded IDT message directly to upper layers via
the Tu interface. Forwarding occurs in step 320 of FIG. 3.
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Encoding is a function where readable text is encoded to bits,
with specific encoding rules. RRC utilizes ASN.1 encoding/
decoding, and a receiver (such as RNC 14) needs to decode
the bits to readable format again based on the same encoding
rules. Inthe example of FIG. 5A, the RRC receiver (e.g., RNC
14) does not “understand” (i.e., implement the protocol suit-
able for decoding) the information in the BIT STRING. Note,
however, that the PS CN 16 then interprets (e.g., understands
the bit string through implementation of a protocol suitable
for decoding the bit string) the bit string (BIT STRING) 50B
in Step 330 and determines a first Initial Direct Transfer
message and its associated service request. The PS CN 16
interprets the bit string, BIT STRING, 50B because the PS
CN 16 can interpret information formatted in accordance
withthe NAS protocol. When the message 50 is transmitted in
Step A, the Initial UE message in Step B is not performed and
instead Steps 320 and 330 are performed.

One advantage of this first embodiment is that the first
embodiment is backwards compatible, and no new combina-
tion message is required (i.e., legacy networks that have not
implemented this embodiment may simply ignore the BIT
STRING).

However, the UE 10 does not know if the RNC 14 has
decoded the message 50, so thus the UE 10 may still need to
send the Initial Direct Transfer on its own once the RRC
connection has been setup. This occurs in Step 340, when the
UE 10 sends a second Initial Direct Transfer message having
a service request. It is noted that Step 340 is performed in
response to the message in Step 310 not being received. Step
340 allows for backward compatibility. In this example, the
UTRAN 20 indicates support of parallel execution of radio
resource control connection establishment and service
request procedures through the use of the message in Step
310. If the message in Step 310 is not received, the UE 10
needs to fallback to a Rel99 (Release 99) solution, where the
IDT is only sent atter RRC Connection Setup Complete (Step
1). As for a Rel99 solution, 3GPP TS 25.331, section 8.1.3
(e.g., 3GPP TS 25.331, version 6.6.0, Release 6, 6-2005),
shows an RRC connection establishment procedure. The IDT
procedure is shown in TS 25.331, section 8.1.8. To avoid
passing the Initial Direct Transfer message information
twice, the RNC 14 would need to ignore the second message.
This occurs in Step 350, where the RNC 14 ignores an Initial
Direct Transfer message after the message 50. An amount of
coding in ASN.1 may also be needed.

A second exemplary embodiment of a new message format
for the RRC Connection Request (e.g., creation of enhanced
RRC Connection Request) is shown in FIG. 5B as message
52. As described above, in FIG. 5A, the IDT message is just a
bit string 51B for RRC, as all information is encoded in
accordance with a NAS protocol, which is not implemented in
RRC (e.g., is not implemented in the UTRAN 20). In contrast,
in FIG. 5B, the IDT message 52B is not encoded in accor-
dance with NAS protocol but is instead encoded in accor-
dance with a protocol (e.g., ASN.1) used by RRC and imple-
mented in the UTRAN 20 for communication with the PS/CS
CN 16 and implemented in the PS/CS 16 for decoding the
IDT message 52B. Portion 52A in FIG. 5B represents the
current RRC Connection Request, while portion 52B repre-
sents the message coding for the Initial Indirect Transfer,
where both 52 A and 52B are encoded using the same protocol
(e.g., ASN.1).

In this embodiment, the UTRAN 20 may broadcast a capa-
bility bit in system information for informing the UE 10 that
the UE 10 is permitted to transmit an “enhanced RRC Con-
nection Request” 52. For instance, see the capability bit 312
in System Information Broadcast (SIB) 311 of the message
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310, indicating capability of parallel execution of radio
resource control connection establishment and service
request procedures, in FIG. 3. It should be noted that the
location of the capability bit 312 is merely exemplary. If this
capability is indicated, the UE 10 can then use the new mes-
sage 52 that is coded (e.g., optimally) with the content of both
the RRC Connection Request and the Initial Direct Transfer.

When the UTRAN 20 receives the RRC Connection
Request message (Step A), the UTRAN 20 processes the
information elements (IEs) as is specified by current stan-
dards. For instance, in the example of FIG. 5B, both the RRC
Connection Request message portion 52A and the Initial
Direct Transfer portion 52B could be encoded using, e.g., the
ASN.1 protocol. The UTRAN 20 (e.g., RNC 14) converts
(Step 370) the Initial Direct Transfer portion 52B from ASN. 1
protocol (or any other protocol implemented by the UTRAN
20) to a protocol (e.g., the NAS protocol) implemented by the
PS CN 16. In this example, the Initial Direct Transfer portion
52B is converted from the first protocol (e.g., ASN.1) imple-
mented by the UTRAN 20 to a RANAP: Initial UE message
encoded using a second protocol (e.g., a NAS protocol). The
UTRAN 20 then sends (Step F) the RRC connection setup
message to the UE 10 after making a positive admission
decision (e.g., as in Release 99). The UTRAN 20 also sends
the NAS: Service Request message to the correct CN entity
within the RANAP: Initial UE message (Step B). Note that
Step B is performed in response to message 52 and Steps 320
and 330 are not performed in this example. In principle, the
Service Request message sent in Step B can be identical to a
currently specified Service Request message, thereby con-
cealing the enhanced functionality of the UTRAN 20 com-
pletely from the NAS layers (as part of PROG 16C, for
instance). Note, however, that the Service Request message
may also be modified. After the PS CN 16 receives the Service
Request message, the PS CN 16 begins its own Iu establish-
ment procedure, security command procedure and, if the PDP
context is already active, SGSN can begin RAB assignment
procedure towards the UTRAN 20 (Step L).

Itis noted that if the RRC connection setup is performed to
the CELL_DCH state, a security mode command can be sent
after L1 synchronization to the UE via DCH following the RB
(Radio Bearer) setup procedure. If the CELL_FACH state is
utilized, the security mode command and the RB setup can be
sent after the RRC connection setup. As shown in FIG. 3,
when the UE 10 receives the RRC connection setup message
(Step F), its RRC protocol layer (part of PROG 10C and an L3
layer) acts on the IE and begins the Layer 1 (L1, physical
layer) synchronization procedure if the CELL._DCH state is
required. The RRC protocol layer also indicates to the NAS
layer that the service request message is successfully trans-
ferred to the network and it can continue by sending a PDP
context activation message to the PS CN 16 if the PDP context
was not already active (Setup CN). In the case where the PDP
context was already active (a typical implementation for IMS
UEs is that one PDP context is constantly active after an
attach procedure performed during power on), the UE 10
receives the RB (Radio Bearer) setup message as presented in
FIG. 3, Step M, for presenting the call setup signaling. If the
UTRAN 20 prefers to setup the RRC connection in a CELL_
FACH (Fast Associated Control Channel) state the security
command (Step H) and RB setup (Step M) can be sent from
the UTRAN 20 immediately after an [.2 acknowledgement
confirms successful transmission of the RRC connection
setup message (Step F).

FIG. 7 shows a signaling diagram of a combined RRC
connection request and service request in accordance with
exemplary embodiments of this invention. FIG. 3 was
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directed to PS techniques, whereas FIG. 7 is directed to CS
techniques. As compared with FIG. 3, in FIG. 7, there are also
a Setup message from the UE 10 to the CS CN 16, a Call
Proceeding message from the CS CN 16 to the UE 10, an
Alerting message from the CS CN 16 to the UE 10, a Connect
message from the CS CN 16 to the UE 10, and a Connect
Acknowledge from the UE 10 to the CS CN 16. Note also that
the PDP Context Activation Accepted message from FI1G. 3 is
not in FIG. 7.

In principle, an RRC: Cell Update message could also
contain the NAS message (i.e., the IDT message including a
CM Service Request message) as this would speed up the CS
call setup in the case where the UE 10 is already in the RRC
Connected state in the URA/CELL_PCH state. Instead of
waiting to use Cell Update and Cell Update Confirm signaling
procedures before being able to send the CM Service Request
to the CS CN 16, the inclusion of the CM Service Request
message to the RRC: Cell Update message (e.g., a portion of
which contains the original RRC: Cell Update message)
allows the Cell Update and Cell Update Confirm signaling
procedures to be performed in parallel with the RRC cell
update procedures.

Advantages that are realized by the use of the non-limiting
embodiments of this invention include, but are not limited to,
a more rapid call setup for CS and PS connections when the
UE 10 is in the idle mode; changes can be limited to only the
RRC Connection Request message (Step A of FIG. 3); the
enhanced signaling may introduced in a backwards compat-
ible manner for existing UEs; and further the enhanced sig-
naling may be introduced by using the existing PS/CS core
network (e.g., the enhanced signaling between the UE 10 and
the UTRAN 20 can be transparent to the PS/CS CN 16).

It can be noted that fitting the RRC Connection Request
message and the Service Request in one transport block (TB)
may require that some optimization be made to the Service
Request message, which may then require a corresponding
modification to the PS/CS CN 16.

It can be further noted that even though the exemplary
embodiments of this invention are related to current
WCDMA radio access and PS and CS core networks, they
may also be applicable for other networks, such as for the
3.9G network architecture depending on implementation.

Based on the foregoing it should be apparent that the exem-
plary embodiments of this invention provide a method, appa-
ratus and computer program product(s) to combine the RRC:
RRC Connection Request message and the RRC: Initial
Transfer message, which contains the Service Request mes-
sage sent by the UE 10 to the PS CN 16 (e.g., the CM service
request is sent to the CS CN 16), where both messages are sent
in a single message from UE 10 to the network, and where
both RRC connection establishment and service request pro-
cedures are performed in a parallel manner in the UTRAN 20
and the PS/CS CN 16, respectively, so as to reduce the overall
connection setup delay of the PS or CS connection, by per-
forming parallel processing for setting up the RRC connec-
tion between the UE 10 and the UTRAN 20, and the Service
Request between the UE 10 and the PS/CS CN 16.

In general, the various embodiments may be implemented
in hardware (e.g., special purpose, circuits) or software or any
combination thereof. For example, some aspects may be
implemented in hardware, while other aspects may be imple-
mented in software (e.g., firmware) which may be executed
by a controller, microprocessor or other computing device,
although the invention is not limited thereto. While various
aspects of the invention may be illustrated and described as
block diagrams, flow charts, or using some other pictorial
representation, it is well understood that these blocks, appa-
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ratus, systems, techniques or methods described herein may
be implemented in, as non-limiting examples, hardware (e.g.,
special purpose circuits, general purpose hardware or a con-
troller or other computing device) or software (e.g., firm-
ware), or some combination thereof.

Embodiments of the inventions may be practiced in various
components such as integrated circuit modules. The design of
integrated circuits is by and large a highly automated process.
Complex and powerful software tools are available for con-
verting a logical level design into a semiconductor circuit
design ready to be etched and formed on a semiconductor
substrate.

Programs, such as those provided by Synopsys, Inc. of
Mountain View, Calif. and Cadence Design, of San Jose,
Calif. automatically route conductors and locate components
on a semiconductor chip using well established rules of
design as well as libraries of pre-stored design modules. Once
the design for a semiconductor circuit has been completed,
the resultant design, in a standardized electronic format (e.g.,
Opus, GDSII, or the like) may be transmitted to a semicon-
ductor fabrication facility or “fab” for fabrication.

As an example, FIG. 6 shows a block diagram of one or
more integrated circuits that can be used for any of the UE 10,
Node B 12, RNC 14, UTRAN 20, or CN 16. The one or more
integrated circuits comprise one or more data processors 610,
each data processor coupled to one or more memories 640 and
hardware elements 660 (e.g., an application specific inte-
grated circuit portion). The program PROG 620 in memory
includes processing logic 630, and the hardware elements 650
include processing logic 660. The processing logic 630, 660
are suitable for carrying out embodiments of the disclosed
invention. The processing logic may be distributed as shown
ormay be included only in the program 620 or in the hardware
elements 650. It is also noted that the processing logic could
be distributed amongst two or more of the DP 10A, 12A, 14A,
16A, depending upon implementation.

Various modifications and adaptations may become appar-
ent to those skilled in the relevant arts in view ofthe foregoing
description, when read in conjunction with the accompanying
drawings. However, any and all modifications of the teach-
ings of this invention will still fall within the scope of the
non-limiting embodiments of this invention.

Furthermore, some of the features of the various non-lim-
iting embodiments of this invention may be used to advantage
without the corresponding use of other features. As such, the
foregoing description should be considered as merely illus-
trative of the principles, teachings and exemplary embodi-
ments of this invention, and not in limitation thereof.

What is claimed is:

1. A method comprising:

receiving, at a user equipment, a message including infor-

mation indicating that a message requesting a radio
resource connection and a message requesting initiation
of at least one service can be combined into a single
message, wherein the received message comprises a
system information broadcast message comprising a bit
indicating whether or not the message requesting the
radio resource connection and the message requesting
initiation of the at least one service can be combined into
the single message;

attheuser equipment in a packet mobility management idle

mode, combining, into the single message, the message
requesting a radio resource connection and the message
requesting initiation of the at least one service, where the
message requesting initiation of the at least one service
comprises a service-initiation request message that
specifies a particular service requested by the user
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equipment and initiates a signaling connection for the
particular requested service, the signaling connection
being between the user equipment and a wireless net-
work; and

transmitting, prior to the initiation of the signaling connec-

tion between the user equipment and the wireless net-
work, the single message from the user equipment to a
network element in the wireless network, the single mes-
sage being configured to establish the radio resource
connection and initiate the signaling connection.

2. The method of claim 1, wherein the message requesting
the radio resource connection comprises a radio resource
control connection request message and the service-initiation
request message requests initiation of at least one packet
switched service.

3. The method of claim 2, further comprising:

completing a radio resource control connection procedure

corresponding to the radio resource control connection
request message; and

activating a packet data protocol context corresponding to

the service-initiation request message.

4. The method of claim 1, wherein the message requesting
the radio resource connection comprises a radio resource
control connection request message and the message request-
ing initiation of the at least one service comprises a connec-
tion management service request message requesting initia-
tion of at least one circuit switched service.

5. The method of claim 4, further comprising:

completing a radio resource control connection procedure

corresponding to the radio resource control connection
request message; and

activating the at least one circuit switched service corre-

sponding to the connection management service request
message.

6. The method of claim 4, wherein the radio resource
control connection request message comprises a radio
resource control: cell update message.

7. The method of claim 1, wherein the wireless network
comprises a wide-band code division multiple access net-
work,

wherein the single message is transmitted from the user

equipment to the network element using the wide-band
code division multiple access network,

wherein the message requesting the radio resource connec-

tion requests a radio resource connection on the wide-
band code division multiple access network, and
wherein the message requesting initiation of the at least
one service requests initiation of at least one service on
the wide-band code division multiple access network.

8. The method of claim 1, further comprising testing the bit
in order to determine whether or not the message requesting
the radio resource connection and the message requesting
initiation of the at least one service can be combined into the
single message.

9. The method of claim 1, further comprising:

determining whether reception has occurred of a message

including information indicating that the message
requesting the radio resource connection and the mes-
sage requesting initiation of the at least one service can
be combined into the single message;

receiving, subsequent to transmission of the single mes-

sage, amessage indicating the radio resource connection
has been set up in the wireless network for the user
equipment; and

in response to both a determination that reception has not

occurred of the message including information indicat-
ing that the message requesting the radio resource con-

12

nection and the message requesting initiation of the at
least one service can be combined into the single mes-
sage and the message indicating the radio resource con-
nection has been set up in the wireless network, trans-

5 mitting from the user equipment to the network element
a second message comprising the service request mes-
sage.

10. The method of claim 1, wherein the single message
comprises a first portion for the message requesting the radio

10 resource connection and a second portion for a bit string,

wherein the bit string comprises an encoded initial direct

transfer message including the message requesting ini-
tiation of the at least one service, and

wherein the first portion is encoded in accordance with a

15 first protocol and the second portion is encoded in accor-
dance with a second protocol.

11. The method of claim 10, wherein the first protocol
comprises an Abstract Syntax Notation One (ASN.1) proto-
col and the second protocol comprises a non-access stratum

20 protocol.

12. The method of claim 1, wherein the single message
comprises a first portion for the message requesting the radio
resource connection and a second portion for an initial direct
transfer message, the initial direct transfer message including

25 the message requesting initiation of the at least one service,
and

wherein both the first and second portions are encoded

using a single protocol.

13. An apparatus comprising:

30 at least one processor; and

at least one memory including computer program code, the

at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus to perform at least the following:

35 receiving, at a user equipment, a message including infor-
mation indicating that a message requesting a radio
resource connection and a message requesting initiation
of at least one service can be combined into a single
message, wherein the received message comprises a

40 system information broadcast message comprising a bit
indicating whether or not the message requesting the
radio resource connection and the message requesting
initiation of the at least one service can be combined into
the single message;

45  to combine, into the single message, the message request-
ing a radio resource connection and the message
requesting initiation of at least one service, where the
message requesting initiation of the at least one service
comprises a service-initiation request message that

50 specifies a particular service requested by a user equip-
ment and initiates a signaling connection for the particu-
lar requested service, the signaling connection being
between the user equipment and a wireless network; and

to transmit, prior to the initiation of the signaling connec-

55 tion between the user equipment and the wireless net-
work, the single message from the apparatus to a net-
work element in the wireless network, the single
message being configured to establish the radio resource
connection and initiate the signaling connection.

60  14. The apparatus of claim 13, wherein the message
requesting the radio resource connection comprises a radio
resource control connection request message and the service-
initiation request message requests initiation of at least one
packet switched service.

65  15. The apparatus of claim 13, wherein the message
requesting the radio resource connection comprises a radio
resource control connection request message and the message
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requesting initiation of the at least one service comprises a
connection management service request message requesting
initiation of at least one circuit switched service.

16. The apparatus of claim 13, wherein the wireless net-
work comprises a wide-band code division multiple access
network,

wherein the single message is transmitted from the appa-

ratus to the network element using the wide-band code
division multiple access network,

wherein the message requesting the radio resource connec-

tion requests a radio resource connection on the wide-
band code division multiple access network, and
wherein the message requesting initiation of the at least
one service requests initiation of at least one service on
the wide-band code division multiple access network.

17. A non-transitory computer readable memory tangibly
embodying a program of machine-readable instructions
executable by one or more data processors to perform opera-
tions comprising:

receiving, at a user equipment, a message including infor-

mation indicating that a message requesting a radio
resource connection and a message requesting initiation
of at least one service can be combined into a single
message, wherein the received message comprises a
system information broadcast message comprising a bit
indicating whether or not the message requesting the
radio resource connection and the message requesting
initiation of the at least one service can be combined into
the single message;

at the user equipment in a packet mobility management idle

mode, combining, into the single message, the message
requesting a radio resource connection and the message
requesting initiation of at least one service, where the
message requesting initiation of the at least one service
comprises a service-initiation request message that
specifies a particular service requested by the user
equipment and initiates a signaling connection for the
particular requested service, the signaling connection
being between the user equipment and a wireless net-
work; and

causing the single message to be transmitted from the user

equipment to a network element in a wireless network,
wherein the single message is transmitted prior to the
initiation of the signaling connection between the user
equipment and the wireless network, the single message
being configured to establish the radio resource connec-
tion and initiate the signaling connection.

18. A method comprising:

transmitting, to a user equipment, a message including

information indicating that a message requesting a radio
resource connection and a message requesting initiation
of at least one service can be combined into a single
message, wherein the transmitted message comprises a
system information broadcast message comprising a bit
indicating whether or not the message requesting the
radio resource connection and the message can be com-
bined into the single message;

receiving, prior to initiation of a signaling connection

between the user equipment and a wireless network,
from the user equipment in a packet mobility manage-
ment idle mode the single message including both the
message requesting a radio resource connection and the
message requesting initiation of at least one service,
where the message requesting initiation of the at least
one service comprises a service-initiation request mes-
sage that specifies a particular service requested by the
user equipment and initiates a signaling connection for

10

15

20

25

30

35

40

45

50

55

60

65

14

the particular requested service, the signaling connec-
tion being between the user equipment and the wireless
network;

in response to the message requesting the radio resource

connection, performing radio resource control connec-
tion establishment for the user equipment in order to
establish the radio resource control connection between
the user equipment and at least one of a plurality of
network elements of the wireless network; and

in response to the message requesting initiation of the at

least one service, performing service request initiation
procedures for the user equipment, wherein at least part
of the radio resource control connection establishment
and at least part of the service request initiation proce-
dures are performed in parallel.

19. The method of claim 18, wherein the message request-
ing the radio resource connection comprises a radio resource
control connection request message and the service-initiation
request message requests initiation of at least one packet
switched service.

20. The method of claim 19, further comprising:

completing a radio resource control connection procedure

corresponding to the radio resource control connection
request message; and

activating a packet data protocol context corresponding to

the service request message.

21. The method of claim 18, wherein the message request-
ing the radio resource connection comprises a radio resource
control connection request message and the message request-
ing initiation of the at least one service comprises a connec-
tion management service request message requesting initia-
tion of at least one circuit switched service.

22. The method of claim 21, further comprising:

completing a radio resource control connection procedure

corresponding to the radio resource control connection
request message; and

activating the circuit switched at least one service corre-

sponding to the connection management service request
message.

23. The method of claim 21, wherein the radio resource
control connection request message comprises a radio
resource control cell update message.

24. The method of claim 18, wherein the wireless network
comprises a wide-band code division multiple access net-
work,

wherein the single message is transmitted from the user

equipment to the network element using the wide-band
code division multiple access network,

wherein the message requesting the radio resource connec-

tion requests a radio resource connection on the wide-
band code division multiple access network, and
wherein the message requesting initiation of the at least
one service requests initiation of at least one service on
the wide-band code division multiple access network.

25. The method of claim 18, further comprising:

transmitting, subsequent to reception of the single message

and during the radio resource control connection estab-
lishment, a radio resource control connection setup mes-
sage from one of the plurality of network elements to the
user equipment;

receiving, subsequent to transmission of the radio resource

control connection setup message, another message
comprising the message requesting initiation of the at
least one service; and

inresponse to the other message, ignoring at least a portion

of the other message comprising the message requesting
initiation of the at least one service.
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26. The method of claim 18, wherein the single message
comprises a first portion for the message requesting the radio
resource connection and a second portion for a bit string,

wherein the bit string comprises an encoded initial direct

transfer message including the message requesting the
initiation of at least one service, and

wherein the method further comprises forwarding the ini-

tial direct transfer message from a first network element
to a second network element and determining at the
second network element the message requesting initia-
tion of the at least one service from the initial direct
transfer message.

27. The method of claim 26, wherein the message request-
ing the radio resource connection is encoded using a first
protocol that is implemented by the first network element, the
bit string is encoded using a second protocol that is imple-
mented by the second network element, and

wherein the first network element does not implement the

second protocol.

28. The method of claim 27, wherein the first protocol
comprises an Abstract Syntax Notation One (ASN.1) proto-
col and the second protocol comprises a non-access stratum
protocol.

29. The method of claim 18, wherein the single message
comprises a first portion for the message requesting the radio
resource connection and a second portion for an initial direct
transfer message that includes the message requesting initia-
tion of the at least one service,

wherein the first and second portions are encoded using a

first protocol, and
wherein the method further comprises at a first network
element determining from the initial direct transfer mes-
sage an initial user equipment message in a second pro-
tocol comprising the message requesting initiation of the
at least one service and communicating the initial user
equipment message in the second protocol to a second
network element.
30. The method of claim 29, wherein the first network
element controls performance of the radio resource control
connection establishment and the second network element
controls performance of the service request initiation proce-
dures.
31. An apparatus comprising:
at least one processor; and
at least one memory including computer program code, the
at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus to perform at least the following:

transmitting, to a user equipment, a message to the user
equipment, the transmitted message including informa-
tion indicating that a message requesting the radio
resource connection and a message requesting initiation
of'the at least one service can be combined into a single
message, wherein the transmitted message comprises a
system information broadcast message comprising a bit
indicating whether or not the message requesting the
radio resource connection and the message can be com-
bined into the single message;

to receive, prior to initiation of a signaling connection

between the user equipment and a wireless network,
from the user equipment in a packet mobility manage-
ment idle mode the single message including both the
message requesting a radio resource connection and the
message requesting initiation of at least one service,
where the message requesting initiation of the at least
one service comprises a service-initiation request mes-
sage that specifies a particular service requested by the
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user equipment and initiates a signaling connection for
the particular requested service, the signaling connec-
tion being between the user equipment and the wireless
network;

in response to the message requesting the radio resource

connection, to perform radio resource control connec-
tion establishment for the user equipment in order to
establish the radio resource control connection between
the user equipment and at least one network element of
the wireless network; and

in response to the message requesting initiation of the at

least one service, to perform service request initiation
procedures for the user equipment,

wherein at least part of the radio resource control connec-

tion establishment and at least part of the service request
initiation procedures are performed in parallel.

32. The apparatus of claim 31, wherein the message
requesting the radio resource connection comprises a radio
resource control connection request message and the service-
initiation request message requests initiation of at least one
packet switched service.

33. The apparatus of claim 31, wherein the message
requesting the radio resource connection comprises a radio
resource control connection request message and the message
requesting initiation of the at least one service comprises a
connection management service request message requesting
initiation of at least one circuit switched service.

34. The apparatus of claim 31, wherein the apparatus com-
prises a wide-band code division multiple access network,

wherein the single message is transmitted from the user

equipment to the network element using the wide-band
code division multiple access network,

wherein the message requesting the radio resource connec-

tion requests a radio resource connection on the wide-
band code division multiple access network, and
wherein the message requesting initiation of the at least
one service requests initiation of at least one service on
the wide-band code division multiple access network.

35. A non-transitory computer readable memory tangibly
embodying a program of machine-readable instructions
executable by one or more data processors to perform opera-
tions comprising:

transmitting, to a user equipment, a message to the user

equipment, the transmitted message including informa-
tion indicating that a message requesting the radio
resource connection and a message requesting initiation
of the at least one service can be combined into a single
message, wherein the transmitted message comprises a
system information broadcast message comprising a bit
indicating whether or not the message requesting the
radio resource connection and the message can be com-
bined into the single message;

receiving, prior to initiation of a signaling connection

between the user equipment and a wireless network,
from the user equipment in a packet mobility manage-
ment idle mode the single message including both the
message requesting a radio resource connection and the
message requesting initiation of at least one service,
where the message requesting initiation of the at least
one service comprises a service-initiation request mes-
sage that specifies a particular service requested by the
user equipment and initiates a signaling connection for
the particular requested service, the radio resource con-
trol connection being between the user equipment and
the wireless network;

in response to the message requesting the radio resource

connection, causing radio resource control connection
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establishment to be performed for the user equipment in
order to establish the radio resource control connection
between the user equipment and at least one network
element of the wireless network; and

in response to the message requesting initiation of the at

least one service, causing service request initiation pro-
cedures for the user equipment to be performed,
wherein at least part of the radio resource control connec-
tion establishment and at least part of the service request
initiation procedures are performed in parallel.

36. The non-transitory computer readable memory of
claim 35, wherein the message requesting the radio resource
connection comprises a radio resource control connection
request message and the service-initiation request message
requests initiation of at least one packet switched service.

37. The non-transitory computer readable memory of
claim 35, wherein the message requesting the radio resource
connection comprises a radio resource control connection
request message and the message requesting initiation of the
at least one service comprises a connection management ser-
vice request message requesting initiation of at least one
circuit switched service.

38. The non-transitory computer readable memory of
claim 35, wherein the wireless network comprises a wide-
band code division multiple access network,

wherein the single message is transmitted from the user

equipment to the network element using the wide-band
code division multiple access network,

wherein the message requesting the radio resource connec-

tion requests a radio resource connection on the wide-
band code division multiple access network, and
wherein the message requesting initiation of the at least
one service requests initiation of at least one service on
the wide-band code division multiple access network.
39. A method comprising:
receiving, at a user equipment, a message including infor-
mation indicating that a message requesting a radio
resource connection and a message requesting initiation
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of at least one service can be combined into a single
message, wherein the received message comprises a
system information broadcast message comprising a bit
indicating whether or not the message requesting the
radio resource connection and the message requesting
initiation of the at least one service can be combined into
the single message;

attheuser equipment in a packet mobility management idle
mode, combining, into the single message, the message
requesting a radio resource connection and the message
requesting initiation of at least one service, where the
message requesting initiation of the at least one service
comprises a service-initiation request message that
specifies a particular service requested by the user
equipment and initiates a signaling connection for the
particular requested service between the user equipment
and a wireless network, and transmitting, prior to the
initiation of the signaling connection for the particular
requested service by the user equipment, the single mes-
sage from the user equipment to a first network element
in the wireless network, the radio resource control con-
nection being between the user equipment and the wire-
less network;

at the first network element, receiving the single message
and, in response to the message requesting the radio
resource connection, performing radio resource control
connection establishment for the user equipment in
order to establish the radio resource control connection
between the user equipment and at least one of a plural-
ity of network elements of a wireless network; and

at a second network element in the wireless network, in
response to the message requesting initiation of the at
least one service, performing service request initiation
procedures for the user equipment,

wherein at least part of the radio resource control connec-
tion establishment and at least part of the service request
initiation procedures are performed in parallel.
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